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Abstract

Objective To present clinical, radiological, and pathological features of a cohort of patients with motor neuron involvement
in association with anti-Ma2 antibodies (Ma2-Ab).

Methods Retrospective case-series of patients with definite paraneoplastic neurological syndrome (PNS) and Ma2-Ab, and
cases identified from a review of the literature.

Results Among 33 Ma2-Ab patients referred between 2002 and 2016, we retrospectively identified three patients (9.1%) with
a motor neuron syndrome (MNS). Seven additional cases were retrieved among the 75 Ma2-patients reported in the literature
(9.3%). A total of ten patients are, therefore, described herein. MNS was evident as combined upper and lower MNS in four
patients, isolated upper MNS in two, and isolated lower MNS in one; three patients were diagnosed with myeloradiculopa-
thy. The most common MNS signs/symptoms were: hyperreflexia (80%), proximal weakness (60%), proximal upper-limb
fasciculations (50%), head drop (40%), and dysarthria/dysphagia (30%). Brain MRI abnormalities included bilateral pyrami-
dal tract T2-weighted/FLAIR hyperintensities (three patients). Spine MRI found bilateral, symmetric, T2-weighted signal
abnormalities in the anterior horn in two patients. CSF examination was abnormal in nine patients. Cancer was found in seven
patients (four testicular, two lung, and one mesothelioma). Eight patients underwent first-line immunotherapy. Second-line
immunotherapy was adopted in all our patients and in none of those identified in the literature. Motor improvement was
observed in 33% of our patients, and 20% in the literature series.

Conclusions Motor neuron involvement could complicate Ma2-Ab-associated PNS in almost 10% of patients and must be
carefully studied to adapt treatment. This disorder differs from amyotrophic lateral sclerosis.
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Introduction

Paraneoplastic neurological syndromes (PNS) are a het-
erogeneous group of disorders with a presumed immune-
mediated pathogenesis that develop in 1 in every 10,000
patients with cancer [1]. Exceptionally (2% of all PNS
cases), a syndrome characterized by prominent upper and/
or lower motor neuron dysfunction (at times resembling
sporadic amyotrophic lateral sclerosis, ALS) ensues in
patients with neoplasia and detectable onconeural anti-
bodies (Ab) [2]. However, its prevalence is so low that it
is not clear in the literature whether a paraneoplastic motor
neuron syndrome (MNS) really exists, or just reflects the
effect of chance (combined occurrence of sporadic ALS
and PNS) [3]. Using the available diagnostic criteria for
PNS, the presence of well-characterized Ab (including
anti-Hu, Yo, CV2/CRMP5, Ri, Ma2, and amphiphysin),
even with an atypical syndrome (e.g. MNS), permits the
diagnosis of “definite PNS” [4]. Anti-Ma2 antibodies
(Ma2-Ab) were originally described in men with testicu-
lar cancer with clinical and radiological involvement of
limbic structures, diencephalon, or brainstem [5]. After the
identification of a patient with MNS in conjunction with
Ma2-Ab we carefully reviewed all our cases as well as the
literature and herein describe these patients.

Methods

After the identification of a patient with Ma2-Ab and
MNS, we retrospectively reviewed the medical and radio-
logical records of all patients who were referred to the
French national reference center for paraneoplastic neuro-
logical diseases between January 1, 2002, and December
31, 2016 for suspected PNS (possible or definite, using
Graus criteria [4]) and who received a definite diagnosis of
Ma2-Ab-associated PNS based on Ab-positivity in serum
and/or cerebrospinal fluid (CSF). All patients underwent a
comprehensive laboratory examination for suspected PNS,
including both immunohistochemistry on rat brain sections
and dot-blot analysis on recombinant proteins (Euroim-
mun, Lubeck, Germany and RAVO Diagnostika, Freiburg,
Germany) for the presence of onconeuronal Abs (anti-Hu,
Yo, CV2/CRMPS, Ri, Ma2, and amphiphysin). All patients
were also tested for the presence of an underlying tumor,
using whole-body computed tomography (CT), '®Fluoro-
deoxyglucose (!®F-FDG) positron emission tomography/
CT, and testicular ultrasound in male patients (given the
strong association with testicular cancer). Demographic,
clinical, radiological, and neurophysiological data of
all the patients were reviewed for further analysis. The

inclusion criteria for the present study were as follows: (1)
presence, over the course of the disease, of clinical find-
ings consistent with upper motor neuron dysfunction [e.g.
weakness, spasticity, pathological hyperreflexia (includ-
ing Babinski sign), pseudobulbar (spastic bulbar) palsy];
(2) clinical findings consistent with lower motor neuron
dysfunction (e.g. weakness, muscle atrophy, hyporeflexia,
fasciculations); (3) neurophysiological findings showing
evidence of lower motor neuron dysfunction (neurogenic
potentials, fibrillation potentials and/or sharp waves).
Electrophysiological evidence of upper motor neuron
dysfunction (i.e. an abnormal central motor conduction
time, mostly prolonged, together with prolonged motor
evoked potentials latencies) were considered as support-
ive findings only in the presence of clinical evidence of
a pyramidal syndrome. The main exclusion criterion was
the presence of alternative disease (other than PNS) as the
cause of the above-mentioned abnormalities on clinical
examination. Careful examination of brain and spinal cord
magnetic resonance imaging (MRI) of the selected patients
was done by a neuroradiologist with 20 years’ experience
(FC). MNS involvement was described in detail using the
following classification: MNS involving both upper and
lower motor neurons; pure upper MNS; pure lower MNS;
myeloradiculopathy (when a combination of myelopathy
and [poly]-radiculopathy was suggested by neurological
examination). Previously reported (January 1970 to Janu-
ary 2018) cases of anti-Ma2 syndrome with MNS-like
presentation were identified via PubMed searches using
the terms “paraneoplastic”, “anti-Ma2”, “motor neuron”
and “amyotrophic lateral sclerosis”. We retrieved all rel-
evant articles and checked additional references cited in
these.

The presence of a concomitant “classical” or “non-clas-
sical” neurological syndrome was further specified in all the
patients according to the Graus criteria [4].

Written consent was obtained from all patients with the
approval of the Institutional Review Board of the University
Claude Bernard Lyon 1 and Hospices Civils de Lyon.

Results

Clinical findings and tumor associations
in the present Ma2-Ab cohort

During the study period (2002-2016), 33 patients initially
referred to the national reference center for a diagnosis
of suspected PNS had clear Ma2-Ab positivity on serum
and/or CSF sample. Detailed information regarding demo-
graphical data, neurological syndrome, clinical evolution,
and oncological associations was available for 31 of them.
Twenty-three (74%) were male; median age was 55 years
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(range 25-86). Cancer was discovered in 21 (68%) and
included testicular cancer in 10, lung cancer in 6, and gas-
trointestinal cancer in 2. Less common tumors were found in
three patients (oral cancer, pleural mesothelioma, and non-
Hodgkin lymphoma). Patients with Ma2-Ab syndrome in
the context of testicular cancer trend to be younger (median
age: 41 years). Overall, neurological involvement at pres-
entation included: limbic encephalitis in 13 patients (32%
of sites involved), brainstem encephalitis in 10 (24%), cer-
ebellar syndrome in 9 (22%), diencephalic encephalitis in 4
(10%), opsoclonus-myoclonus in 2 (5%), polyneuropathy in
2 (5%), and polyradiculopathy in 1 (2%; Fig. 1). Ten patients
presented with multiple neurological site involvement (three
had concomitant limbic and brainstem involvement, three
cerebellar and brainstem involvement, two concurrent opso-
clonus-myoclonus and cerebellar syndrome, one limbic and
diencephalic involvement, and one limbic encephalitis and
cerebellar syndrome).

Anti-Ma2-associated MNS

There were 3 (9.1%) Ma2-Ab patients who had an MNS
during the course of their illness (Table 1) and are described
in detail below.

Patient 1

The index case was a 59-year-old man who presented ini-
tially with narcolepsy—cataplexy (NC), hyperphagia, and
sexual dysfunction. His neurological picture progressed
gradually, and 18 months after initial presentation was eval-
uated for the subacute worsening of gait and appearance

Neurological involvement at presentation in
anti-Ma2 patients

PR
PN
om 5% 2%
5%
DE

10% 32%

Fig. 1 Neurological involvement at presentation in Ma2-Ab patients.
LE limbic encephalitis, BE brainstem encephalitis, C cerebellar syn-
drome, DE diencephalic encephalitis, OM opsoclonus—myoclonus,
PN polyneuropathy, PR polyradiculopathy
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of bulbar symptoms (dysarthria and dysphagia). Neuro-
logical examination found diffuse hyperactive reflexes and
axial rigidity. Brain MRI demonstrated FLAIR hypersignal
involving the cortico-spinal tract (CST; Fig. 2a—d). Spine
MRI found slight C4-D1 hypersignal involving mainly the
anterior column. CSF examination found signs of inflam-
mation [7 lymphocytes per cubic millimeter; normal protein
content; and positive oligoclonal bands (OCBs)]. Ma2-Ab
were detected in the serum and the CSF. No associated
tumor was found despite comprehensive screening, includ-
ing testicular ultrasound. The patient was treated with corti-
costeroid bolus and bilateral orchiectomy, given the strong
association known with this Ab-positivity and occult tes-
ticular cancer, but no cancer was found. Despite all these
measures, no clear improvement was noticed at follow-up
examinations. Aggressive, second-line, treatment with
cyclophosphamide (monthly intravenous infusions) was
started and resulted in the resolution of sleep disturbances
and evident improvement of gait.

Patient 2

After this initial observation, we noticed a second patient,
a 56-year-old man, who presented initially very similarly
to the index case. In particular, NC and sexual dysfunc-
tion were the initial complaints, followed 19 months later
by gait disturbances and severe dysphagia. In this second
case, neurological examination found signs consistent with
lower motor neuron dysfunction (diffuse hypoactive reflexes,
proximal weakness with atrophy and fasciculations). Elec-
tromyography (EMG) confirmed severe axonal motor dam-
age and neurogenic pattern with active denervation (cervical
muscles and trapezius, bilaterally). Brain MRI found FLAIR
hypersignal involving the CST (Fig. 2e-h). CSF examina-
tion found modestly increased protein content and positive
OCBs. Ma2-Ab were detected in the serum and the CSF. A
germ cell tumor was found (positive retroperitoneal lymph
node, in the context of possible “burn-out seminoma”) and
the patient was treated with orchiectomy and corticosteroid
bolus, without clear effect on clinical symptoms. Second-
line therapy with cyclophosphamide (12 monthly intrave-
nous infusions) was adopted and resulted in the stabiliza-
tion of motor symptoms and initial improvement of sleep
disturbances, without any concurrent change in narcolepsy
treatment (sodium oxybate). The adjunct of rituximab did
not result in further improvement.

Patient 3

The third patient was a 47-year-old man who was diagnosed
with testicular germ cell tumor for 1 year. He was treated
with adjuvant chemotherapy (including bleomycin, etopo-
side, and cisplatin) and bilateral orchiectomy, and was stable



401

Journal of Neurology (2019) 266:398-410

SUOTJR[NOIISE]

Aydone orosniy
SoxXapaI
SIeIpeIoNd
(+4d0 -elq pue
uone) /UonenUd sdoorq Juasqy
-uosaxd [enrur -uo0d urojoxd SANIWAN X
I9)Je syjuowW G PajeAd[d 12ddn ayj jJo eIsoyisoodAy
parp juened ayJ, BUWIOUTOIED ¢s150340091d) ssouyyBOM [eyuow3as [s]
V'NXL  -ouope Sung [euLIouqy V'N [eULION [eULION [ewrxoid orseydouopy  ‘ured Jopinoys  °[e 39 newpeq 8S/IN ¥
swoydwAs
Jo uonezIfIqels (sorosnu eideydsAQq
Aw03o91y210 [BO1A190) reusiszodAy doip-pesHq Asred
[e1are[Ig SpIuu UOTIBATOUDP LSO Aq 103¢] Aydon 9ze3 [BONIA
-eydsoydoyoko JAT}OR ‘o3E K)159) pamor[ojjeu  -oAwe sisared sanIewIOUqe
‘qewrrxnyLI Jown) (+9D0/1P -wep Jojowt -uadAy g, -Sis1odAy LN o[puS 1opInoys [e1o1ARYOY
‘SPI0I2)S0d [[90 WIdS /3w 9f ‘i [euoxe  oyroads-joen NIV BIXQI Sjoyap
-110D ‘DIAL Ie[nONsd,  /Q) [ULIOUQY  9JOADS IDINH oLIOWWAS [erore[g  -1odAy asnyjiq sypuowt 9 KIOWRA  SOLI9S JUAsald LY/IN €
(ewouruos
sooueq jno-uinq (Arexoreqiq
-1msip doors Jrqrssod jo ‘snizeden eI3
Jojuowaaoidw  IXQU0D Ay pue so[osnu -eydsAp a10a0g
Kwojod ur ‘opou [e91AT00) SUOTIB[NOTOSE]
-yoio Texde[rg  ydwAf [eau UOT)BAISUIP AydonoAury
qewurXnLI -ojuredonarx QATIOR ‘o3E sisaredrx uonouny
‘oprureyd aanisod) (+9D0/1P -wrep Iojow LSO Sur  -penb [ewrxoig -SAp [enxos
-soydofoKo Jowny /3w g9 ww [euoxe -AJOAUT [BUSTS BIXQY Axardere)
‘SPI0IAISOOILI0D) [[90 WIdD)  /f) [euLIOUqQY QAAAS:DINA [ewaoN  -1odAy YIvId -o1odAy osnyig syuow | —AsdojooreN  soLIes Juasald 9S/IN T
jes jo
juowroAoxdurt
£590UBQINISIP
dags jo
uonn[osay
Awo3o9 sorounpad eideydsAQq uonouny
-1YoI0 [eIde[lg Ie[[9qaI0 eLIYIIBSAQ -SAp [enxog
oprur (+9D0/1P Ia-vd  pue ) 3ur Apisu ferxy eideydrodAy
-eydsoydooAd /3w /gt ww s3urpuy [eudiszodAy  -Afoaut [eu3is BIXPI Axardeie)
‘Sp1019)S0011I0)) punojjoN /L) [ewlouqy  [ewlIou DAY ZL WSS -1edAy YIv1d  -1edAy esnyiq syjuow g1 —AsdojooreN  soLIos JuasaId 6S/IN 1
SNIA Jo us1s
suonouny JSI1J 0} SWO)
QWOo9INO (dD0/u1) dds -SAp NINT10  -dwiAs [enur Swo) N
PUE SJUUIBAI], Jown], -o0xd/s[ed) 1SD JIAN/OINA TN surdg IMN utelg  NJNN Jo suSts  woiy earu]  -dwi4s [enmuy SOOUQIOfY (1eaK) oSe/xos 14

QWIOIPUAS uoInau Jojow pue swoipuks onsejdosuered qy-ze]A Yim siuaned Jo sonsueloerey) | jqel

pringer

a's



Journal of Neurology (2019) 266:398-410

402

dn
-MO[[Of Teak-

B I9)J€ 9[qrIS Aqeoxe
[emeIpyIIm -10dAy NJAN jres
PIOI9)SOO11I0D JO 90UIPIAD onseds 010A9S
19)ye SuIud [eor3ojorsAyd SoxapI
-s1om prder Aq -on291q uopu) doop
PaMmo[[oJ yuaut (+dD0O  "JUSWAAJOAUL SLIQ ‘SquI|
-oaoxdwit [enruy /V'N/V'N) NIN'TJO Tomoy jo At [8]
SPI0I9)SO11I0)) punoj JoN [ewIouqy su31s oN [eWION [eWION  -pISLI9[OSNA orseydouoy ssouygns So7  °[€ 19 0[0d01g 0s/d L
(V'N
dn 420 /1P ('V'N s[resop)
-MO[[0] 1€ J[qrlS /3w G ¢ QWIOIPUAS [2]
QUON PUNOJ 10N /Q) [eWIOUqy V'N V'N V'N  NNT+NNAN o1seqdouojN  SONNOYYIP JLDH e 10 UULWOH OLIN 9
u3is
s.ysutqeq
ddS pue [eIore[q
JAIN [eWION pansua doip
so[osnwt peay ‘19)e]
reurdsered You
Surpnpour pue ‘Q[pusd
Qrpai3 Iopnoys
Iop[noys pue ‘SOIIWAIIX
swoydwAs SANTWANX B[NSUT Y pue 1oddn ayj Jo S2INZ12S
Jo uonezi[iqeis 1addn o Jo X91100 [BIUOI}  SUONB[NOIOSE) pozifeiouad
Awo0309 (‘V'N so[osnur oY) K)159) A TLIN pUB ‘SSOURIA pue ‘erdordip
-1yoI0 [e1de[ig Jown) q00 /1P ur soSueyo RUREIGEAR [exoreiq Sur Aydone eruwostodAy
SpI013) [[00 WIAS /3w ¢g ‘ww owegomau  oyroads-1oen)  -A[OAUl [eUSIS Jernosnux ‘ersouwre [9]
-s001100) ‘DIAT Ie[nonsa,  /S) [ewIouqy DINA omowwAS  -10dAy YIvId QATSSAI301d syjuowr g QAISSRI301d  'Te 10 TeSeIep 9¢/IN S
SNIA JO USTs
suonouny 1Sy 0) SWOo}
QWOIINo (gD0/ury d4S -sAp NIN'T 10 -dwAs [enmur swo} N
pUE SJUQWIBAI], Jown], -o01d/s[[eo) 4SD JAIN/OINA TN euidg IMN utelg  NJNN Jo suSis  woip earu]  -dwiAs [enmuy SOOUQIRJY (1eak) a8e/xes 14

(ponunuoo) | sjqey

pringer

Qs



403

Journal of Neurology (2019) 266:398-410

dHS [eULION
SNIN
Jo sisougerp
oy yim
JUISISUOD
sjuowI3as
(Texoesoquuny
pue d108I0y)
‘[BOTAID TeTU
-e10) o[dnnu

Sunsem
Jo urayed
Jpuey ids, e

ur sa3ueyd pue ssouyeom sjoyap
UOTJBAISUSP uorxap Krowow pue
JIUOIYD pue oau pIA sonIewIouqe
eooudoyiio jo (soaem dreys eLIYIIBSAQ JIOTARYQQ [IIM
juowdo[oaap aanisod pue suone| pojeIOOSSE
puB ssouyeom srenjuajod -norose,] 3ur ‘BLIYIIRSAP
qQuII| JoMO[ uone[Lqy) -)sem an3uog, pue e13
JO SuTuaSIOp BUWIOUTOIRD (-9D0) Suro3uo Aydone [e) uornouny -eydsAp [01] TR 30
Xd1d -ouape Jung [eWLION peaxdsopip V'N  -UOIJIqQ 9I9A9S -sAp 1eqIng arseydouoy QAISSAIZ0I] e3uIs-eA92D) S9/IN 6
squuy roddn
oy ur ystq
}o0[q uon I0M SOXIPY
-Onpuod ou surre
JNQ UOTIBAID [joq JO ssou
-uop JIUOIYD -eam [eIsIp
pue 9)noe pue pue rewrxoxd
(dn sopmijdwe OLIIOWWAS Y
-MO[[OJ TB9A-1) Jojowt SUOTJR[NOTOSE] uon
uonezIfIqels paonparx so[osnuI puey -BSUQS JNO
AW0309pIyYdI10 pojensuowrap OISULIUI pue Surpeaids,,
[e1dre[Ig (+gD0/rewiou  squif oddn SULIBAIOJ [10q [ewIoUqe
XA1d ‘Sp1o1a) BUWOUTWIAS /fewiou) Y jo A30 Jo Sunsep ‘Ssouyeam (6]
-s00110)) ‘DIA] Je[nonsay, [ewiouqy  -[orsAydoinaN [eWLION [eWLION doip peay arseydouoy puey o1  [e 10 Aydiny 9Y/IN 8
SNIA Jo usis
suonouny 1Sy 0) SWO}
AWOIIN0 (gD0/ur) d4S -sAp NIN'T 10 -dwAs [enmur swoj oN
puE sjuawleaI], Jown], -o0id/s[e0) JSD JdAN/OINA TIN duidg TIN urexg  NJAN( JO SUSIS  WoIJ [eAI)U] -dwiAs renmug SQ0UQIgJoyY (1BaK) a3e/xoS 14

(ponunuoo) | sjqey

pringer

a's



404 Journal of Neurology (2019) 266:398-410

at follow-up. In 2016, he was evaluated in another hospi-

k] 2 = 2
§ g X = i % tal for aboulia, apathy, and psychomotor slowing. Initially,
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% 3 - (;D g z % g memory disturbances ensued (mini-mental state examina-
&2 STS& E"E tion score: 22/30) together with vertical gaze palsy. He was,
é % therefore, admitted to our department where he underwent
& £z brain MRI (bilateral mesial temporal lobe FLAIR hyperin-
5 = é‘ 3 é é tensity). Ma2-Ab were detected in the serum. The patient
£ B eS8 2 ; was treated with corticosteroid bolus and intravenous immu-
& A~ g5 noglobulin. Six months after initial presentation, at a follow-
g ) Eﬁ ~ L:D § up examination, the appearance of a MNS involving both
;: g Té, @ ) E % upper and lower motor neurons was observed. In particular,
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= g % g = § g o ° Z 2 brain MRI showed hypersignal involving the CST (Fig. 2i).
E 33 g § 5 SE & % ; =g Spine MRI found symmetric, tract-specific, T2-hyperinten-
< E % g 2 £ g Es E 8 & 2 % sity involving the anterior column (Fig. 2j, k). CSF examina-
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oL é § E axonal damage and neurogenic pattern with active dener-
= £ _ & % § g vation, a muscle biopsy was performed and was consistent
% E ; § : % 2 with acute denervation atrophy, while excluding myositis
£ ERR <2 g (Fig. 3a—d). A diagnosis of Ma2-Ab associated MNS was
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= 2'g =z ¢ i:; é & we were able to define the clinical phenotype of Ma2-Ab-
E g z gﬂ S £8 = associated MNS. All the cases are presented in Table 1.
SEE27 |~ 5 & § Among all cases (n=10), 9 (90%) were male and median
. 2 E g §~ age was 57 years. Half of the patients (n=35) exhibited MNS-
g % % . § Z; like features at disease onset (monophasic disease group),
- B gz LQ g g whereas the remaining half initially showed symptoms indic-
£ g E g %E '§ ative of limbic/diencephalic involvement (mainly hypersom-
- g § £ nia, three cases), followed later by overt MNS (biphasic
. £ g8 disease group). The median interval between the first and
g g E g Eﬁ the second syndrome was 8 months (range 0.5-19 months).
LE -g = 3 i i MNS was evident as motor neuron disease involving both
2 S .'g g upper and lower motor neurons in four patients, pure upper
S| = = & § MNS in two patients, and pure lower MNS in 1; three
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Patient 1

Patient 2

Patient 3

Fig.2 Magnetic resonance imaging (MRI) findings in Ma2-Ab-asso-
ciated motor neuron syndrome. Brain MRI from patients 1-3 are pre-
sented. Hypersignal (arrows) involving the corticospinal tract (CST)
is evident in coronal (a, e, i), axial (b—d, f, g) and sagittal (h) Fluid

The most common MNS signs/symptoms were: regional
or diffuse hyperreflexia (eight patients, 80%), proximal
weakness (six patients, 60%), proximal upper-limb fascicu-
lations (five patients, 50%), head drop (four patients, 40%),
dysarthria/dysphagia (three patients, 30%). The presence of
proximal weakness led first to the exclusion of a concomi-
tant (presumably corticosteroid-induced) myopathy using
EMG, creatine kinase (CK) test, and muscle biopsy (one
patient); none of these studies was in favor of a primary
muscular disease. Brain MRI was performed in nine patients
and was abnormal in six of them (67%). MRI abnormalities
included mesial temporal lobe (hippocampus and/or amyg-
dala) FLAIR hyperintensities (three patients), or bilateral
pyramidal tract T2-weighted or FLAIR hyperintensities
(three cases; Fig. 2), and cerebral atrophy (especially for
Patient 3 of our series). Bilateral hyperintensities along the
large myelinated pyramidal tract fibers was observed from

Attenuated Inversion Recovery (FLAIR) sections. CST hyperintensity
(arrows) is also found in the cervical spinal cord of Patient 3 (J: sagit-
tal T2-weighted and K: axial gradient echo T2-weighted spine MRI)

the centrum semi-ovale to the crus cerebri bilaterally, giv-
ing a classic “wine glass” appearance on coronal sections.
The precentral gyrus seemed to be spared. Spine (mainly
cervical) MRI was performed in eight patients and was
abnormal in four (two of them with bilateral and symmet-
ric T2-weighted, tract-specific, signal abnormalities in the
anterior horn). Detailed information regarding EMG exam-
ination was available for eight patients; 6 (75%) showed
ongoing denervation changes, and none showed myopathic
EMG changes (see Table 1 for further details). CSF exami-
nation was abnormal in nine patients (90%); the most com-
mon abnormality was the presence of CSF-exclusive OCBs
(present in seven out of eight patients tested). CSF leukocyte
count was either normal (seven patients), or mildly elevated
(three patients). Protein content was normal in four cases
and modestly elevated in six, respectively. A comprehensive
tumor screening was undertaken in all patients, and revealed
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Fig.3 Pathologic findings in
muscle biopsy from Patient

3. A HPS x10: Atrophic and
hypertrophic fibers are observed
with rare nuclear internaliza-
tions within fibrotic and adipose
interstitial tissue. b Modified
trichrome stain X20 showing the
same morphological features
with few central inclusions
within hypertrophic fibers. ¢
DPNH %20: numerous target
fibers reflecting acute denerva-
tion process (red stars). d ATP
4.35%20: predominance of
type II atrophic fibers mixed
with atrophic and hypertrophic
type I fibers. No real fiber type
grouping is evident in this acute
denervation process

the presence of cancer in 7 (70%): four testicular tumors,
two lung tumors, and one pleural mesothelioma. All patients
with clinico-radiological evidence of testicular mass and
one patient without this evidence (but with strong Ma2-Ab
positivity) underwent bilateral orchiectomy; in the latter case
no tumor cells were found. A total of eight patients (80%)
underwent immunotherapy. First-line immunotherapy con-
sisted of corticosteroids in seven cases, intravenous immu-
noglobulin in four, and plasmapheresis in two. Second-line
immunotherapy was adopted in all patients in our series
(with either cyclophosphamide, rituximab, or their combi-
nation; see Table 1) and in none of the patients reported in

the literature. Immunotherapy resulted in clinically relevant
improvement of MNS in one out of three patients in our
series (33%), and one out of five patients in those identified
in the literature (20%). Remarkably, among all identified
cases, only one patient rapidly progressed despite treatment,
while the others showed at least temporary stabilization of
symptoms. Resolution of sleep disturbances after immuno-
therapy was noticed in two patients that presented initially
with prominent diencephalic involvement. Usually, MNS
was more refractory to immunotherapy, but two patients
with a pure upper MNS (Patient 1, from our series, and
Patient 4, from the literature) showed a clear beneficial effect

Table 2 Diagnostic
classification of the patients
using the Graus criteria [4]

@ Springer

Pt N° Neurological syndrome Features consistent with Tumor  Well-characterized Final PNS

“typical” Ma2-PNS [5] Onconeural Abs Classifica-
tion

1 Non-classical Diencephalic involvement — — Ma2 Definite

2 Non-classical Diencephalic involvement  + Ma2 Definite

3 Classical Limbic involvement + Ma2 Definite

4 Classical - + Ma2 Definite

5 Classical Limbic involvement + Ma2 Definite

6 Non-classical N.A - Ma2 Definite

7 Non-classical - - Ma2 Definite

8 Non-classical - + Ma2 Definite

9 Classical Limbic involvement + Ma2 Definite

10 Classical Limbic involvement + Ma2 Definite

Abs antibodies, PNS paraneoplastic neurological syndrome, Pt patient
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on motor symptoms. Patient 4 had later a relapse following
corticosteroid discontinuation.

We reviewed the ten patients with Ma2 Abs and MNS to
classify them according to the Graus criteria [4] (Table 2).
Half of them (5) had a concomitant “classical PNS”, whereas
the others manifested a “non-classical PNS”. Interestingly,
all the patients without cancer manifested a “non-classical”
syndrome (Patient 1, 6 and 7). Despite having a “non-clas-
sical syndrome”, Patient 1 manifested a “typical” anti-Ma2
diencephalic involvement. Given the presence of Ma2 Abs,
all the participants of the present study (10) received a final
diagnosis of “definite PNS” according to the international
criteria.

Discussion

This is, to the best of our knowledge, the first study to
examine the prevalence and clinical features of Ma2-Ab-
associated paraneoplastic MNS. The series includes all
patients referred to the French national reference center over
15 years, and is the second largest Ma2-Ab series published
to date [5]. By combining our cases and those reported in
the literature, we demonstrate that Ma2-Ab patients can
develop over the course of their illness a MNS in almost
10% of cases, with various combinations of upper and/or
lower motor neuron signs and symptoms. With all these
patients, we were able to define the phenotypic spectrum
of MNS in the context of Ma2-Ab autoimmunity. In agree-
ment with previous observations [5] most of the patients
with Ma2-Ab were male, middle-aged adults, with associ-
ated cancer, usually a testicular germ cell tumor or a lung
cancer. Half of them developed MNS as first neurological
manifestation, whereas the other half showed a two-step dis-
ease course, with initial limbic/diencephalic involvement,
followed months later by motor neuron disease or myelo-
radiculopathy. Interestingly, among the patients seen in our
center, 2/33 presented initially with clinically and polysom-
nography-proven NC. In the literature, only five cases of
Maz2-associated narcolepsy have been described, together
with the detection of low hypocretin-1 CSF concentration
[30, 31]. In addition to its rarity, we were surprised by the
finding that both our NC patients developed subsequently
an MNS, following a strikingly similar evolution. Moreo-
ver, the third patient that did not have a clear NC diagnosis,
referred to our center for paraneoplastic Ma2-Ab limbic and
brainstem encephalitis, exhibited “severe prostration” dur-
ing his first hospital stay according to the available medical
records. We, therefore, hypothesize that excessive daytime
sleepiness was also present in Patient 3. The motor neuron
involvement in Ma2-Ab syndrome was variable among the
ten cases identified, and included a combination of upper
and lower motor neuron signs/symptoms, a pure upper MNS,

or isolated lower MNS. Clinically diagnosed myeloradicu-
lopathy, without MRI or laboratory evidence of alternative
(structural/compressive, vascular, or infectious) etiologies,
was detected in three patients. Overall, the most common
neurological complaint was proximal weakness, at times
resembling a primary muscle disease. Considering that most
of the patients have been already treated with corticoster-
oids at the time of proximal weakness onset, corticosteroid-
induced myopathy was considered in the differential diag-
nosis. Later in the course of the disease, regional or diffuse
hyperreflexia became apparent in the majority of patients,
making this possibility unlikely. Symptoms/signs indicative
of bulbar (dysarthria/dysphagia) or cervical (head drop)
weakness were also common. Neuroimaging studies often
found focal abnormalities involving the limbic structures,
and/or CST alterations, at both supra- and infra-tentorial
level, including cervical cord tract-specific abnormalities
(anterior horn column). The latter are known to be common
findings in isolated paraneoplastic myelopathy [32] but bilat-
eral brain CST hyperintensity—believed to be more specific
for ALS—was never reported in association with paraneo-
plastic syndromes. Healthy subjects can also express slight
CST hyperintensity on brain MRI (especially 3T MRI), but
usually this finding is restricted to T2-weighted sequences
only; it is not as marked as in the cases described herein, and
does not associate with cervical cord CST alterations [33].
Bilateral involvement of the CST has also been reported in
inflammatory conditions such as neuromyelitis optica spec-
trum disorder (NMOSD) [34]; genetic diseases such as the
X-linked form of Charcot—-Marie-Tooth disease (CMT1X)
[35]; leukodystrophy such as leukoencephalopathy with
brain stem and spinal cord involvement and lactate eleva-
tion (LBSL) [36], hypomyelination with brainstem and spi-
nal cord involvement and leg spasticity (HBSL) [37], and
adrenoleukodystrophy [38]; infectious conditions (HSV,
HTLV1) [39, 40]; and toxicity due to chemotherapy such
as capecitabine [41] (the latter drug was not used in our
patients). In LBSL, there is a selective involvement of the
pyramidal tracts through their entire length, including the
spinal cord [36]. In NMOSD, involvement of the CST, either
unilateral or bilateral, is a typical brain lesion pattern and a
new criterion in the recently revised diagnostic criteria [34].
Despite the low specificity of this neuro-imaging finding,
The European Federation of Neurological Societies (EFNS)
guidelines suggest that the detection of CST hyperintensi-
ties on T2-weighted, proton density, or FLAIR imaging can
support a pre-existing (clinical) suspicion of motor neuron
disease (e.g. ALS), as in our patients [42].

EMG studies confirmed evidence of lower motor neu-
rons disease in most of the cases. CSF analysis was almost
invariably abnormal: in this regard, we would like to under-
line the importance of OCB testing since this represents the
most common (and sometimes the only) CSF abnormality. A
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previous study reported by Dalmau et al. [5] suggested that
Ma2-Ab paraneoplastic syndromes tend to respond poorly
to immunotherapy, and partially (stabilization of symptoms)
to tumor-removal. The series of cases reported in the litera-
ture that we present herein is in agreement with this finding.
Conversely, 2/3 patients admitted to our center markedly
improved following cancer treatment and immunotherapy,
and 1 showed great improvement in motor function. This
apparent discrepancy could be explained by the fact that
all patients admitted in our Institution received aggressive
(second-line) immunotherapy, with either cyclophosphamide
and/or rituximab, whereas only 1/38 patients in the series
reported by Dalmau et al. [5], and 1/7 in the present litera-
ture series, were treated with second-line therapies. Based
on our patients and those of the literature, we speculate
that a subset of around 10% of Ma2-Ab patients develops
an immune-mediated attack to motor neurons, with antero-
grade degeneration of CST, and this could be a potentially
treatable cause of MNS. This intriguing hypothesis needs to
be verified in prospective clinical and pathological studies.
The reason why only a minority of Ma2-Ab patients—and
in general, a minority of patients with PNS—develop motor
neuron involvement, is still unclear. We acknowledge that,
in the majority of the patients of the present study, motor
involvement manifested only after, or in association with,
signs/symptoms that are known to be atypical for ALS diag-
nosis (namely, hypersomnia, hyperphagia, and sexual dys-
function). None of our patients presented with an isolated
MNS that could be mistaken for ALS on clinical grounds.
We, therefore, do not believe that routine Ma2-Ab testing
should be performed in every patient presenting with ALS
phenotype.

Although all patients had symptoms, signs, and neuro-
physiological evidence of neurodegenerative diseases such
as ALS, primary lateral sclerosis (PLS), or progressive mus-
cular atrophy (PMA), we have preferred the term MNS for
patients with Ma2-Ab associated PNS. Because ALS has
always been an invariably fatal disease and patients with
Ma2-Ab-associated MNS have shown an improvement or
at least stabilization in motor symptoms when treated with
aggressive immunotherapy, we prefer to distinguish the
diagnoses. The presence of detectable onconeural antibod-
ies, OCBs, and cancer in the majority of patients with Ma2-
Ab and MNS, together with the possibility of improvement
after immunotherapy, suggest that the coexistence of MNS
with paraneoplastic syndrome cannot be by chance alone
but is driven by Ma2-Ab autoimmune response. In addition
to its retrospective design and its small size, limitations of
the present study include the incomplete description of the
motor involvement in some of the cases reported in the liter-
ature, and the lack of genetic testing for ALS-related genes,
although no patient admitted to our center demonstrated a
positive family history for the disease.

@ Springer

We recognize also the fact that half of the patients in
the present study developed a MNS in association with
a “non-classical” PNS, and three of them had a negative
cancer screening. Nevertheless, they should be considered
“definite” PNS cases, since the neurological syndromes
developed in association with a well-characterized Abs
(Ma2-Abs) [4]. Using the Graus criteria, it is possible
to include a very small number of false positive cases
(approximately 4%) that will never develop cancer, pos-
sibly because the tumor was eliminated by the immune
response [4]. Conversely, the possibility of “true” false
positive cases (patients with a neurological syndrome
unrelated to a PNS) is highly unlikely, since the recom-
mended diagnostic approach require diagnostic confir-
mation using two independent techniques (immunohis-
tochemistry and dot-blot analysis), as performed in our
study.

In conclusion, motor neuron and CST involvement could
complicate Ma2-Ab associated paraneoplastic syndromes
and represent a treatable cause of MNS. Neurologists should
be aware of this possibility and targeted interview regard-
ing new-onset weakness, fasciculation, or bulbar symp-
toms should be routinely performed, especially in patients
presenting initially with hypersomnia. Extensive tumor
screening is recommended, since most of the cases harbor
an underlying (usually testicular) tumor. Tumor-removal and
immunotherapy could be effective in improving neurological
syndromes and second-line treatments (with either cyclo-
phosphamide, rituximab, or their combination) should be
considered early if first-line treatments fail.

This disorder differs from ALS, which is an invariably
fatal neurodegenerative disease, without the evidence of a
paraneoplastic origin.
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